As a kind of advanced continuous coiled pipe, coiled tubing is widely used in oiled well engineering, it has high strength and good corrosion resistance. But unfortunately, its outstanding properties will be intensively affected by butt welding process. The welding thermal accumulation during butt-welding was studied in this paper. Based on double ellipsoid source model, a finite element model for butt welding process was developed and the temperature distribution was analyzed. The results show that for bead on plate welding, the weld pool size of tubing welding is smaller than that of plate welding because of dispersion of arc. Thermal accumulation can be observed around start point, where two peak temperatures appeared and cooling time is a little longer than plate welding.
INTRODUCTION
During the last few years, as a kind of advanced continuous coiled pipe with high strength and good corrosion resistance, the application of coiled tubing technologies has found its way into several different fields such as work-over, drilling, completion, logging, transporting [1] [2] [3] [4] . It will sustain large deformation during winding on and unwinding off the spool, and resists harsh corrosion environment. Excellent properties, such as strength, ductility, corrosion resistance, are needed to avoid predominant failure.
Homogenous microstructure is recommended to be achieved through modify chemistries and manufacturing process [5] . Coiled tubing should be welded together with butt welding in field to get enough length, but unfortunately, its outstanding 1 Xiao LI, Kai Shi, Yanming Liu, Hongduo Wang. Key Laboratory of Materia1 Processing Engineering, Xi'an Shiyou University, China.
properties will be intensively affected by butt welding thermal, the welded joint will be the weakest point in coiled tubing string [6] , lower ductility and softening are always appear in heat affected zone and induce unexpected failure.
Coiled tubing is supplied as heat-treated product, minimum heat input and careful control of preheat and inter pass temperature is essential; gas tungsten arc welding (GTAW) is always recommended [7] . However, the exact action of welding thermal to temperature distribution is still unclear. Experiment and simulation method were used to study the welding thermal cycles, thermal accumulation was found and softening is observed in heat affected zone (HAZ) [8] [9] . More over if the inter pass temperature is controlled more higher, and then a large softening zone will appear in HAZ. This paper is focused on welding temperature distribution during butt-welding, finite element method (FEM) is used to reveal the phenomenon of thermal accumulation, which is helpful to assess microstructure and mechanical properties of welded joint.
FINITE ELEMENT MODEL
GTAW process is adopted, its total heat input is between 5kJ/cm~15kJ/cm, and the arc efficiency is 0.7.
Geometry Model
Based on the GTAW welding process and purpose of this paper, a plate welding model and a tubing welding model were developed, as shown in Figure 1 , to compare the different thermal cycles induced by different geometry. Length of plate is equal to circumference of tubing. Because the weld joint is symmetrical, only half of the joint was employed. Model and welding parameters are listed in Table I .
Material Model And Mesh Generation
The material of the plate and tubing is low alloy steel (0.1% carbon) rolled with thermal and mechanical rolling process. Its thermal conductivity, specific heat and density at room temperature are defined to be λ=0.05 J·s-1·mm-1·℃-1, C =460 J·kg-1℃-1and ρ= 7.80×10-6 kg·mm-3 respectively [14]. The dependences of thermal conductivity and specific heat on temperature are considered. 3D elements were employed.
Heat Source Model
Goldak's heat source method is successfully used to simulate the thermal loading of GTAW in this research; its power densities in front and rear semiellipsoid are defined as 2  2  1  2  2  1  2  2  1   3  3  b 
Where q is power density in front and rear semi-ellipsoid; a,b,c are length, width and penetration of melted pool, determined through experiments. x1、y1、z1 are local coordinates, which are defined as Eq. (1) and Eq.(2) for plate and tubing welding respectively. 
Where v and vw is linear and angular welding speed for plate and tubing, d is diameter of tubing.
Welding started at z=0
Center section of weld Welding started at ω=0 Figure 2 shows the temperature contours obtained from the FEM simulation, when the welding torch moved over distance of d=20mm, 40mm, 60mm, 80mm, 100mm respectively for plate welding. As can be seen from the figure, the temperature around the torch reaches 1500C suggesting melted material in the fusion zone (FZ).
RESULTS AND DISCUSSION

Temperature Distribution
In order to clarify the concept of thermal accumulation, a tubing welding process was simulated with same heat input. The temperature transfer process is similar to plate welding as shown in Figure 3 . But the isothermal curve is smaller. Width of weld is also measured and compared with plate welding. Because bead on plate welding is employed, the energy of arc will be dispersed by the curvature out surface of tubing, so the penetration and width of tubing are all smaller than that of plate welding. Heat input of 500J/mm can give full thickness penetration for plate welding and partial penetration for tubing welding. Figure 2 . Changing of weld and temperature distribution with 500J/mm heat input. Figure 3 . Changing of weld and temperature distribution with 500J/mm heat input.
Thermal Cycle
Thermal cycle is meaningful to the microstructure transforming during cooling stage, the thermal cycles at points along welding direction are shown in Figure 4 , at which y=3.0mm and distance to start point d=10mm, 20mm, 40mm, 60mm, 80mm, 100mm, 110mm respectively.
For plate welding, the peak temperature increases in range of 1151~1266 C with the increase of distance, and there is only one peak temperature, as shown in Figure  4 a). For tubing welding, two kinds of thermal cycle can be observed from Figure 4 b). The first one looks same as the one of plate welding, such as the curves of d=60mm and d=100mm, that there is only one peak temperature; the second ones present two peak temperatures, such as curves of d=10mm, 20mm, 110mm, 120mm, 122mm. For points at d=10mm, 20mm, the peaks are lower. The other peaks are higher because of the thermal accumulation effect.
Thermal Accumulation
During plate welding, the arc can preheat the zone in front of it, but in the zone behind arc, the remaining energy can only exert a little effect on the temperature of zone in front of arc. On the contrary, the end point and start point are overlapped together during tubing welding, the temperature got from start stage act as preheat temperature, so at the ending stage the peak temperature can reach higher level. This phenomenon can be defined as thermal accumulation, it will make the material in region around start point sustain two peak temperatures and increase the cooling time, such as t8/5, which will induce wider and severe softening [9] . At d=110mm, t8/5=7.0s for plate welding, and t8/5=8.5s for tubing welding. Thermal accumulation is related with heat input, material properties and geometry of tubing. The more little the diameter is, the more severe the thermal accumulation. The higher the heat input is, the more severe the thermal accumulation is. 
CONCLUSIONS
FEM models of welding temperature analysis were developed for plate welding and tubing welding. The peak temperature and cooling time are different. In the region around start point, two peak temperatures will appear in thermal cycles and the cooling time at same distance with tubing welding is longer than plate welding.
